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ABSTRACT

A technical method has been used two sets of experimental works in the measurements of Boron concentrations in
water. The first measurement is by using curcumin method and the second is the passive method by using the solid
state nuclear track detectors, CR39. Tap water in the governorate, has a very low Boron concentration 0.355 ppm
atAl-Bedeah river, Al-Jzeera AlQOula, did show a Boron level as high as 7.405 ppm at east governorate, while the
waters have Boron level ranging between 7.785mg/l and 0.638 mg/l in curcumin method .A conclusion has been
made, that Basra governorate tap water is safe as far as Boron concentration is concerned , while the rivers
waters should be avoided. The high concentration tells us that pollutant in this part of city is larger than the other
parts. Samples of water were collected during April 2011, from all locations in Basra City.
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INTRODUCTION

Solid statenuclear track detectofSSNTDs) ofdifferentmateials are importantfor investigations

in basic science antechmology [1]JAmong such application§SNTDs arevidely used in radiation
protection and environmental radiation monitgr Their theory was developed more than 40 years ago
the basic fundamentals can be found in Som{®jyand in more details in Durrani et §]. Even more details for
detecting alpha particles, which is important frBMCT point of view, can be found in NikeZd]. Therefore, here
we touch some aspects of interest, only. Popukayyng, an ionizing particle produces a narrow dggdazone in
the plastic, 10-100 nm in diameter, which can dmdarged and visualized by a chemical treatmso that the
particle movement in the detector material, lesag the footprint of the particle or its track daa followed under
optical microscope. Depending on the chemical imeat (called etching) and observation method thezebasically
two requirements: the range and energy deposifitimegparticle should be adequate.

Boron is a nonmetallic element that belongs to @rilA of the periodic table and has an oxidatidats of +3. It
has an atomic number of 5 and atomic weight of 1LOBron is actually a mixture of two stable iscﬁsplOB

(19.8%) andllB (80.2%) [5]. Boron is a naturally-occurring element found wcks, soil, and water. The
concentration of boron in the earth’s crust hasmtestimated to be <10 ppm, but concentrationsgls & 100 ppm
can be found in boron-rich ar¢@k Only the latter has a high thermal neutron captupss section (3832 b). Due
to its nuclear characteristics e.g. being a nonoeative element and readily available, the isotbpeon-10 is

often employed in application where the &), reaction is of advantage and where other analytechniques
could not be employed satisfactorily. The prob#piior the absorption of a neutron by this stalsletope via the

10B (n,z¢)7Li capture reaction}OBNC- reaction), is given by the absorption crosgiea. Its value is a function of

the impinging neutron energy, (www.nndc.bnl.goVhe energetic fragments emitted in tHEBNC- reaction
produce a high value of "Linear Energy TransferETl or dE/dX, that is, a measure of the numbeionfsations
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per unit distance as they traverse the absorbirtgriah Their combined path lengths are of shostadice making
them quite suitable where localized damage is ohathge. Industrial processes have been devisewtlify the

natural boron isotopic composition in order dbtain high values folOB concentration.

The 10BNC-reaction to take place requires a sample coimgj even at ppb Among the known boron compounds,

several hundred are employed in today’s applicatiand a growing levellOB, a source set for irradiation with
thermal or lower neutron energy (0.025eV or lessii @ reaction fragment detecting device. The reacti
phenomenon is related to a neutron interacting Wwiton nucleus, followed by breakup in two fragnseot the

10B+n compound nucleus (that survives a short timéhénorder of picoseconds). The two fragment nuidgiart
acquiring kinetic energy due to a strong Coulom#ldfimoving in opposite direction under the momentum
conservation law, synthesized by the following jpsx

Li+*He + 2,79 MeV (branching ratio 6.1%)
;'l
YB+n = [TB] (1)
"y

"Li+*He + 7(0,48 MeV) + 2,31 MeV (branching ratio 93.9 %)

The reaction occurs with different branching rattee first has a relatively low frequency occurer6.1%) but
has the advantage that the reaction is photoraledsherefore the induced damage leads to a hityirerar Energy
Transfer" (LET) or dE/dx. The other, with highercacrence is accompanied by a 0,48 MeV photon. dfdtpha
particle @He") leaves the sample surface, with sufficient kimethergy, then it can be detected e.g. by nuclear
track techniques. The alpha particle fingerprintegi by a suitable detecting material, providdsrination on

the boron presence and it is recognized as a pohaarélytical method for boron studies. The cheirstraucture of
some boron compounds is found in Figure 1.
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Fig. 1. Chemical Structures of some boron compouisd7] (Chemfinder.com, 2006)
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Elemental boron is insoluble in wat@]. The vapor pressure of elemental boron and albtten compounds that
are the subject of this report are negligible &tand 25°9-13]. Borax (decahydrate) does not have a boiling
point. Borax decomposes at 75°C, and losegO58t 100°C, 94O at 150°C, and becomes anhydrous at 320°C.
The melting point for anhydrous borax is above Tand it decomposes at 1575[&]. Boric acid is a weak acid
with a 9.2 pka and exists primarily as the undissociated acigB83) in aqueous solution at physiological p&] .
Borax in solution has alkaline properties, but doescause corrosion to ferrous metdl§]. Boron oxide reacts
slowly with water to form boric acifiL3] and it is corrosive to metals in the presencexgfien[14,15]
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Fig. 2. Basra Governorate, dots represent the plasevhere samples taken from, numbering irstation number (S) ( Basra map is from
Googleearth)

This work describes the preliminary findings frorarBn concentration measurement data collected in. Thergé
aim is to investigate the complex interactions axdhanges with flow of water, and to estimate howcim
hazards brought with waters. In fact, the studywadselocated inside Basra Governorate which istextan the
extreme southern part of Iraq, see Fig. 2. Al-B&soaernorate sited at the southern rim of thdf,Gpart of the
Iragi Southern Desert in the west and soati relatively short coast on the Gulf. Iethorthern part
of Basra Governorate, Tigris and Euphrates mergmifg Shatt-Al Arab river which flows southward tioe
Gulf.

MATERIALS AND METHODS

In Basra governorate, the household water is sepdliom two sources; one from Bada'a (on Euphra®ger)
and the other from Shatt-alrab river (forméy the confluence of the Euphrates and theiFigvers).
Samples from 40 stations and locations were cateduring April 2011. The collected, 0.25L, bottammpletely
filled with water and well sealed to avoithy connection with aifhe measurements of Boron concentration
water were carried out by two methods:

1. curcumin method

Boron in water can be determined by several methadkiding the curcumin method, consisting of #adtion

and evaporation in the presence of curcumin to yecedrosocyanine, which is taken up with ethanol and
compared photometrically with standards. The cuioummethod is recommended for water with boron
concentrations between 0.1 and 1.0 mg/L.

When a sample of water containing boron is aciditéend evaporated in the presence of curcumin,aobied
product called rosocyanine is formed. The rosoinyaris taken up in a suitable solvent and the relbrcis
compared with standards visually or photometrically

2. Passive Method
We used the Solid State Nuclear Track DetectorsN{E%), for the measurements of Boron concentration
in drinking water. The SSNTD, CR39 1. x1. cm filnMany samples of water from different places hheen

supplied. One milliliter of each sample of watedispped on the same area of BR — 39 track detector, and it is
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left to dry. After drying the samples are exposea thermal neutron source for the same periothwf 8 days. A
nuclear reaction of typg B (n,q) 3Li7 has been occurred, Alpha particles are emitted arergy 2.31 MeV

which can make suitable track I@R —39 plastic-detector. The samples, after being exghoaee washed in
distilled water, then etched in a solution of 6N2§Normality) NaOH at 7©temperature, 3 hrs (etching time) , by
using a bath held at a constant temperature. Tduk wliameters and track density have been carnigdising
transmission optical microscope and a suitablération curve is used to calculate the concenmatioBoron. The
pieces of the each to the detector sets were atediiwith neutrons that emitted from Am-Be (in emh}.The yield

of the neutron source wak1x10’'n/s and the mean energy of its emitted neutrons wasvieV. The source
was supplied by Radio-Chemical Ltd. Amersham, Emjl& he irradiation times were 3 days.

RESULTS AND DISCUSSION

The samples of water coming fromvers have been sampled in glass {25 liter) for the chemical
parameters determinations and in polyethylenedxdftk boron determinations. The principle of passhethod with
Track density for determination of boron is thect&mn of passive which is the product of track dgns
For the calibration graph the boron concentratisradunction of track density was used of whichatibcation
solution. A linear calibration was observed, folexvby the calculation of the slope factor.
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Fig. 3 The calibration graph — Boron

The results are experimented in mg B/L. Regressigmation: y = 0.568 x-0.125?%0.994(fig. 3), and with
respect to the second method, The principle ofctspphotometric method with Curcumin method for
determination of boron is the reaction of Curcumimich is the product of rosocyanine. In thegemce of
dissolved forms of borates, at pH=8, formationed complex is take place, followed by the spectoipimetric
measurementsi (= 450 nm).

For the calibration graph, the r boron comiion as a function of the absorption was usedvbich a
calibration solution. A linear calibration was obgsl, followed by the calculation of the slope €actThe

results are experimented in mg B/l. Regressiontamuay = 0.128 x — 0.022, %=0.981 (Fig. 4).

Aquick term measurements using the Curcumin metfuwddrinking and washing surface water and a long
term measurement using the SSNTDs were done fosatfiples, S1 to S40, in different locations in Basra
The results are shown in table-1. fourty vials cdtev, S1 to 40 were collected from differentdtiens in
north and south of Basrah for drinking water awere tested by the passive methods as well. &beglts are
presented in Table 1 and Fig.5. By looking at teéails of the results, for both kinds of tests, eca@ recognize
that there are some differences or some approxinatthe results between Curcumin and SSNTDs. Hewethe
calibration curves for the curcumin and passivedetrs has been made and shown in Fig.3 and Figdse
differences or approximated are due to long andrt$ime measurements.For SSNTDs the measurememts we
for 3 days, while Curcumin measurements were for 3h
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Absorption@540nm

0.022x - 0.128y =

U.951=“R

Boron concentration (ppm)

Table 1: Measurement results for water samples (riers, tap) in Basra Governorate by SSNTDs Method .

Fig.4. The calibration graph — Boron

Site Site Name Track density Boron concentration
Number (Track/cm?®x10* | In ppm using (SSNTD$
S1 Al- Mudeina -Anter river 1.190 1.995
S2 Al- Mudeina -Salah river 1.310 2.205
S3 Shut Al- Mudeina 0.357 0.539
S4 Huwair AL-Aujan 1.071 1.787
S5 Qurna river 0.595 0.955
S6 Tigris river AL-Qurna-Muzereh 1.071 1.787
S7 Qurna — AlNahirat 0.357 0.539
S8 Al-Sharish- AIAgmaij river 0.804 1.320
S9 Al-Shafi river 0.446 0.695
S10 Al-Diar — Jrad river 3.450 5.946
S11 Al-Diar — Ali river 1.750 2.974
S12 Paper factory 0.357 0.539
S13 Al-Hartha- Hour Rajab 0.595 0.955
S14 Qarmat Ali- AIMacehab river 0.595 0.955
S15 Qarmat Ali-AlGhait 0.714 1.163
S16 Qarmat Ali- Yaman river 0.595 0.955
S17 Al- Khora 0.714 1.163
S18 Shutt Al-Qarma 0.595 0.955
S19 Shutt Al-Arab Al-Jzeera Al-Oula 4.285 7.405
S20 Shutt Al-Arab Al-Jzeera Al-Thania| 3.920 6.767
S21 Shutt Al-Arab Al-Jzeera Al-Thalthd 1.666 2.827
S22 Shutt Al-Arab Al-Jzeera Al-Rabaa 1.905 3.245
S23 AL-Tennuma -Hassan river 2.170 3.708
S24 AL-Tennuma - Gurdlan river 2.140 3.656
S25 AL-Tennuma -Jaseem river 1.520 2.572
S26 Shatt Al-Basrah 0.357 0.539
S27 Ashaar river 0.595 0.955
S28 Al-Handia river 1.429 2.412
S29 Abu Floos 1.071 1.788
S30 Abu AL-Khaseeb river 1.190 1.996
S31 Abu AL-Khaseeb Ghuz river 1.310 2.204
S32 Abu AL-Khaseeb Hamdan river 1.071 1.788
S33 Abu AL-Khaseeb Abu Mgira rive 0.952 1.580
S34 AL-Zubeir river 1.429 2.412
S35 Aum Qaser Harbor 3.810 6.575
S36 Ras Al-Bisha 2.817 4.839
S37 Al-Fao 2.460 4215
S38 Al-Dawar river 2.738 4,701
S39 Tina river 2.341 4,007
S40 Al-Basra Harbor 4,246 7.337
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Table 2. Measurement results for water samples (rars, tap) in Basra Governorate Curcumin Method

Site Numb Site N Abs?rption Boron concentration
ite Number Ite Name 54(r)]nm In ppm using (Curcumin Method)
S1 Al- Mudeina -Anter river 0.254 2.160
S2 Al- Mudeina -Salah river 0.288 2.420
S3 Shut Al- Mudeina 0.060 0.638
S4 Huwair AL-Aujan 0.219 1.886
S5 Qurna river 0.135 1.224
S6 Tigris river AL-Qurna-Muzereh 0.211 1.823
S7 Qurna — AlNahirat 0.060 0.638
S8 Al-Sharish- AlAgmaij river 0.164 1.452
S9 Al-Shafi river 0.080 0.794
S10 Al-Diar — Jrad river 0.752 6.045
S11 Al-Diar — Ali river 0.371 3.073
S12 Paper factory 0.357 0.638
S13 Al-Hartha- Hour Rajab 0.117 1.086
S14 Qarmat Ali- AIMacehab river 0.595 1.054
S15 Qarmat Ali-AlGhait 0.139 1.255
S16 Qarmat Ali- Yaman river 0.113 1.054
S17 Al- Khora 0.136 1.235
S18 Shut Al-Qarma 0.113 1.054
S19 Shutt Al-Arab Al-Jzeera Al-Oula 0.953 7.621
S20 Shutt Al-Arab Al-Jzeera Al-Thania 0.857 6.866
S21 Shutt Al-Arab Al-Jzeera Al-Thaltha  0.353 2.926
S22 Shutt Al-Arab Al-Jzeera Al-Rabaa 0.406 3.344
S23 AL-Tennuma -Hassan river 0.479 3.911
S24 AL-Tennuma - Gurdlan river 0.454 3.721
S25 AL-Tennuma -Jaseem river 0.324 2.703
S26 Shatt Al-Basrah 0.064 0.670
S27 Ashaar river 0.113 1.054
S28 Al-Handia river 0.299 2511
S29 Abu Floos river 0.220 1.887
S30 Abu AL-Khaseeb river 0.246 2.095
S31 Abu AL-Khaseeb Ghuz river 0.273 2.303
S32 Abu AL-Khaseeb Hamdan river 0.220 1.887
S33 Abu AL-Khaseeb Abu Mgira rive 0.193 1.679
S34 AL-Zubeir river 0.299 2511
S35 Aum Qaser Harbor 0.845 6.774
S36 Ras Al-Bisha 0.617 4,989
S37 Al-Fao 0.534 4.346
S38 Al-Dawar river 0.557 4521
S39 Tina river 0.531 4.320
S40 Al-Basra Harbor 0.974 7.785

For the measurement of boron concentration levelater, table 2 an#lig.6, reflect the fact that, there was some
high level of boron concentration in this water Heg than the most of public tap and washing surfaeter in
the governorate. The results for these 40 samplegyarized into five locations, from sl td0s shown in
Fig. 6. The data ranging from 0.638 mgil S3,s7,s12to 7.621at s19 . The World Health Organization (WHO)
in 1993 the WHO established a health-based Guie@frD.3 mg/L for boron. This value was raised & @g/L in
1998 primarily. Furthermore, in 2000 it was decidedeave the guideline at 0.5 mg/L until data fremgoing
research becomes available that may change thentwiew of boron toxicity or boron treatment tectugy
[16,17] The European Union established a value of 1.0 rfmy/lboron in 1998 for the quality of water inteddr
human consumptiofiL8,19] New Zealand has established a drinking watemdstahfor boron of 1.4 mg/[20,21]

The interim maximum acceptable concentration (IMAG) boron in Canada is 5 mg/L. The Canadians have
established this value on the basis of practioahtment technology. They believe available techyiek are
inadequate to reduce boron concentrations to ks 5 mg/L. They will review this IMAC periodicgllas new
data becomes availabig2,23]
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Fig 5 : Boron concentrations in rivers and drinkingwater at Basra Governorate.
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Figu.6: Boron concentrations in rivers and drinking water at Basra Governorate.

CONCLUSION

The Boron concentrations in public drinking wateeres analyzed for 40 samples iBasra governorate
(southern Iraq) covered most of the residentiahalldhe concentration for 21 points, where surfaagewis used,
range from 0.539 pprto 2.0 ppmwith an average .904 ppm which is in the low contration range. The
concentration in the 14 points, ranging from 2.2ppm to 4.989 ppmwith an average 3.316 ppm, these
concentrations could be categorized into mediumelleaf boron concentration. Most of the high level
concentrations are ranging from 5.946 ppm to 7 g@% with an average 6.803 ppm and this may reltdethe
penetration of the deplete uranium used in the @malfs. Our presented data for boron concentratiorwater
(40 samples) clearly shows thatthe concentrationl® points, where surface water is used, ranga fro
0.638 mg/l to 2.054 mg/l with an average 1.2dfich is in the low concentration range .eTh
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concentration in the 16 points, ranging from 2.05¢mto 4.989 mg/l with an average 3.240 mg/l, these
concentrations could be categorized into mediumellesf Radon concentration. Most of the high level
concentrations are ranging from 6.045 mg/l to 7.@&pl with an average 7.018 mg/l and this may ealatio the
penetration of the deplete uranium used in the @alfs.

In general, well waters within the investigateghsare highly mineralized. The correlation anadysrevealed
thestrong positive association between boron soche chemical compounds in drinking water. Accessafe
drinking water is essential to human wellbeing am@ key public health issue. The maintenance oddyo
qguality of drinking water is achieved both by priteg the raw water supply and water treatmeris. possible
to protect the raw waters supply by means of piollutontrol measures that prevent undesirable toesits
from entering the water and by good watershed nmamagt practices.
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